ABSTRACT: Some of the bottlenose dolphins kept in coastal sea pens in Hawaii developed slowhealing wounds and were treated with trimethoprim/sulfadiazine. Vibrio bacteria recovered from healthy skin and wounds of dolphins as well as the sea pen water were identified using the 54 test system of West & Colwell. The popular 26 test API-20 E system was of limited value in identifying many vibrios recovered from environmental sources. Predominant vibrios recovered from sea pen water and from healthy dolphin skin were Vibrio alginolyticus and V. marinus, respectively. These vibrios remained sensitive to trimethoprim and sulfadiazine. The predominant vibrio recovered from dolphin wounds was V. damsela which developed resistance to the 2 antimicrobial agents used to treat the dolphins. This resistance was taken as additional evidence that V. damsela was multiplying at the wound site. V. damsela is a known pathogen of fish and humans and is believed to be the primary bacterium causing wound infections in dolphins.
INTRODUCTION
Bottlenose dolphins Tursiops truncatus are kept in coastal sea pens and trained by Navy personnel at the Naval Ocean Systems Center (NOSC) in Kaneohe Bay, Hawaii. The health of these marine mammals must be maintained to ensure their high level of performance. These dolphins occasionally acquire external wounds which normally heal within 7 d (Bruce-Allen & Geraci 1985) . However, some dolphins experience slow-healing (> 14 d) wounds that clinically appear to be due to bacterial infections. Researchers in the field of marine mammal care such as Geraci (1981) , Howard et al. (1983) and Simpson & Cornell (1983) have reported that infectious diseases constitute the greatest hazard to the health of captive marine mammals. Despite this, the etiological agents responsible for causing wound infections in marine mammals have not been identified.
We reasoned that the most likely etiological agent of dolphin wound infections would be vibrio bacteria since several vibrio species had been documented as infecting and causing diseases in poikilothermic animals including fish (Elston et al. 1981) , oysters (Di Salvo et al. 1978) , crustaceans (Lightner 1977) , and eels (Tison et al. 1982) , as well as in mammals exposed to O Inter-Research/Printed in F. R. Germany seawater (Rubin & Tilton 1975 , Blake et al. 1980 . Moreover, vibrios are important marine bacteria and their concentrations are known to be highest in coastal waters, the natural environment of dolphins at NOSC. One result is that recovery of vibrio bacteria from body surfaces of dolphins may only indicate the presence of residual seawater. On the other hand, bacteria establishing an infection adhere specifically to the cells where they multiply (Mertz et al. 1987) . Thus, careful sampling techniques and identification methods must be used to determine the pathogenic potential and site specificity of vibrios recovered from skin sites of dolphins. Commercially prepared bacterial identification kits such as the API-20 E systems are usually used to identify enterobacteria. These identification h t s are useful when human clinical samples are analysed but have limited value when samples known to contain many environmental species of vibrio are analysed.
This article highlights the necessity of using expanded biochemical identification methods to identify vibrio bacteria carefully recovered from the unbroken (normal), and broken (wounded) skin of dolphins as well as from coastal pen water. Using this approach, we have identified a vibrio bacteria specifically associated with the wound infections of dolphins as Vibrio damsela. This vibrio, a known pathogen of fish and warm blooded animals, is believed to be responsible for wound infections in dolphins.
MATERIALS AND METHODS
Sampling sites and sampling methods. Marine mammal sea pens at the Naval Ocean Systems Center, Hawaii Laboratory, were the locations for this study. Bottlenose dolphins Tursiops truncatus kept in these pens, especially 3 individuals with slow-healing skin lesions, clinically diagnosed as bacterial infections, were studied. These 3 dolphins were initially treated with 30 mg kg-' daily of Tribrissen (trimethoprim/suliadiazir~e; Btirioiighs 'VVeUcome Co., Kansas City, Missouri, USA) incorporated into their fish feed. To recover vibrio bacteria from pen waters, grab samples of waters were collected in sterile plastic bottles. To recover vibrios adhered to and established on healthy skin or in the skin wounds of dolphins, the skin sites were initially washed free of environmental water by scrubbing with betadine and alcohol. After drying, they were scraped with sterile cotton swabs to recover the skinassociated bacteria adhered to healthy or wounded skin. These swabs were immediately placed into Amies Transport Medium (Schroeder et al. 1985) . All samples were transported to the laboratory in an iced chest and processed within 6 h of collection.
Analysis of samples. Thiosulfate-citrate-bile-salt (TCBS) agar medium (Difco Co., Detroit, Michigan, USA) was the selective medium used to recover vibrio bacteria from a11 samples. Water samples were processed using the membrane filtration method, while skin swabs were streaked directly onto TCBS agar. Target vibrio colonies on TCBS were either green (sucrose negative) or yellow (sucrose positive). These presumptive vibrio colonies were streaked for isolation on trypticase soy agar supplemented with 2 O/O marine salts and subsequently characterized by selective biochemical tests. All diluents and biochemical tests were conducted using 2 % marine salts (MacDonell et al. 1982) . The API-20 E identification system (Analytab Products, Plainview, New York, USA), which relies on 26 tests, was used to initially characterize these presumptive vibrio isolates. During the initial phases of our study (1984) , the API-20 E identification system was limited to speciating only 6 human pathogenic vibrios which were published in the API Analytical Profile Index manual. Since 1985, 3 additional human pathogenic vibrio species have been given API identification code numbers. Recognizing the limitation of the API-20 E system for identifying Vibrio spp, recovered from environmental sources, a more extensive idenhfication system proposed by West & Colwell (1984) , which relies on 54 tests to identify 20 species of vibrio, was used in this study.
Antibiotic susceptibility assay. The antibiotic susceptibility pattern or 'antibiogram' (Eickhoff & Ehret 1980) of the vibrios recovered in this study was determined using the single disk diffusion method of Bauer et al. (1966) . Mueller-Hinton agar supplemented with 2 % marine agar salts was used. Antibiotic disks were obtained from BBL (Cockeysville, Maryland, USA) and used to determine vibrio susceptibility: sulfadiazine (l pg), trimethoprim (5 yg), trimethoprim (1 pg)/sulfamethoxazole (24 pg), cefamandole (30 pg), cefoxitin (30 pg), cephalothin (30 pg), penicillin G (10 units), ampicillin (10 pg), carbenicillin (100 yg), amikacin (30 kg), gentamicin (10 yg), kanamycin (30 kg), neomycin <30 pgj shepiomycin j i G yyj, erythronlyciri (1.5 ygj, tetracycline (30 pg), chloramphenicol (30 kg). Vibriostatic agent 0/129 (2,4-diamino-6,?-diisopropylpteridme) was obtained from BDA Chemicals (Poole, England) from which 10 and 150 pg disks were prepared. The diameters of the inhibition zones surrounding each disk were measured to the nearest mm after 18 h of incubation at 37 "C. Bacterial isolates were characterized as resistant (R), sensitive (S) or intermediate (I) according to the specifications for each disk provided by the manufacturer.
RESULTS

Pre-and post-treatment of dolphins
Before treating the dolphins, bacteria from skin lesions were recovered on TCBS agar, and biochemically characterized using only the API-20 E system. Most of the isolates could not be identified to species, but based on the growth characteristics of these bacteria on TCBS agar and their biochemical characterization, they were tentatively identified as Vibrjo sp. (Table 1 ). These isolates were also determined to be sensitive to sulfadiazine and the dolphins were treated with Tribrissen (trimethoprim/sulfadiazine) for 10 to 96 d. The 3 dolphins selected for this study (Table 1) were observed to have slow-healing wounds on the flipper (Tt 018M), fluke (Tt 583M), and melon (Tt 659 F). Tribrissen treatment resulted in curing one dolphin and in a marked improvement in the other two (Table 1) .
Identification of vibrios from coastal pen water
A total of 33 water samples from 3 dolphin pens were initially enumerated on TCBS agar. The average concentration of presumptive vibrio bactena in these water Table 3 . All 8 vibrio isolates were sensitive to sulfadiazine, chloramphenicol, and the trimethoprin~/sulfamethoxyzole mixture, while 6 were sensitive to vibriostatic agent 0/129. The 8 vibrio isolates were resistant to penicillin; 7 were resistant to ampicillin, while 6 were resistant to cephalothin, carbenicillin, and streptomycin.
Identification of vibrios from healthy skin
The predominant vibrios recovered from 8 healthy (unbroken) skin sites from 4 different dolphins were isolated and biochemically characterized. Using the West & Colwell scheme, 7 of the 8 isolates were identified as Vibrio marinus, while the 8th isolate was identified as a V. pelagius 11. In comparison, the API-20 E system was not able to identify 6 of the 8 isolates and identified 2 of the isolates as V. alginolyticus (Table 2) .
The antibiograms of the 8 identified vibrios are summarized in Table 4 . All 8 isolates were sensitive to vibriostatic agent 0/129 and chloramphenicol, 7 were sensitive to sulfadiazine and the mixture of trimethoprim/sulfamethoxazole, while 6 were sensitive to cefamandole and tetracycline. All 8 isolates were resistant to penicillin and 5 were resistant to ampicillin and carbenicillin. Three were resistant to trimethoprim.
Identification of vibrios from wounds
The predominant vibrios recovered from 8 wound samples on 3 dolphins were isolated and biochemically characterized. None of these 8 isolates could be identified to species by the API-20 E system. Using the West & Colwell scheme, 2 were identified as V . marinus, and 1 isolate each as V, harveyi and V. gazogenes.
The 4 remaining isolates were biochemically similar and could not be identified to species using the West & Colwell scheme. These 4 unidentifiable isolates were recovered from the wounds of 2 dolphins (Tt 018M, Tt 583M) on 4 different occasions and were never recovered from the pen water or the healthy skin of dolphins. The typical biochemical profiles (Table 2) of these 4 wound-associated vibrios were then compared with the biochemical profiles of vibrio species not included in the West & Colwell scheme and found to match up with those of Vibrio damsela (Love et al. 1981 , Moms et al. 1982 , Grimes et al. 1984 , Farmer et al. 1985 . Characteristics of our isolates which matched up with those of V. damsela included positive reactions for urease, arginine dihydrolase, oxidase, glucose, nitrate reductase, and Voges-Proskauer, and negative reactions for indole, orinithine decarboxylase, citrate, lactose, mannitol, arabinose, and hydrogen sulfide. In addition, our isolates required sodium chloride for growth, grew at 37 but not 42 "C and were sensitive to vibriostatic agent 0/129. One difference was the lysine decarboxylase reaction for V . damsela which was reported to be a variable characteristic for V. damsela by Morris et al. (1982) and by Farmer et al. (1985) but to be negative by Love et al. (1981) and by Grimes et al. (1984) . In support of our conclusion that the 4 wound isolates were V. damsela, the API-20 E system has recently added V. damsela to its identification bank and now identifies the API-20 E profile number of our isolate (6 015 004) as V. damsela. The antibiograms of the 8 vibrios recovered from dolphin wounds are summarized in Table 5 . The 8 isolates were sensitive to vibriostatic agent 0/129 and to the trimethoprim/sulfamethoxazole mixture; 7 were sensitive to gentamycin while 6 were sensitive to cefamandole, ampicillin, tetracycline, and chloramphenicol. All 8 isolates were resistant to penicillin and 6 were resistant to streptomycin. None of these 8 wound isolates were sensitive to sulfadiazine or trimethoprim, the antimicrobials used to treat the dolphins. Four were resistant to sulfadiazine, and 5 were resistant to trimethoprim. The remaining isolates were interme&-ate in their response to these 2 antibiotics.
DISCUSSION
Numerous species of vibrio multiply in natural marine water environments. A vibrio identification system such as the API-20 E system which utdizes 26 biochemical tests to identify only human pathogenic vibrio species has limited use in the identification of vibrios recovered from marine samples. The API-20 E system was designed to identify vibrio bacteria recovered from human clinical samples where vibrio species found in marine waters should not be present. When the API-20 E system is used to identify environmental isolates of vibrio, it tends to match up the unknown vibrio with the pathogenic vibrio in its reference bank and may incorrectly identify some closely related environmental species of vibrio as human pathogenic vibrios. A more extensive identification scheme, such as that proposed by West & Colwell (1984) utilizing 54 biochemical tests to identify human pathogenic and environmental species of vibrio, is required to identify vibrios recovered from marine samples. Using this expanded system, the predominant vibrio in the marine mammal coastal pen water was identified as Vibrio alginolyticus, while the predominant vibrio recovered from the healthy skin of dolphins was V. marinus. The predominant vibrio recovered from the slow-healing wounds of dolphins could not be identified using the West & Colwell scheme, but was identified as V. damsela based on matching its biochemical profile to that of V. damsela as previously reported in the Literature (Love et al. 1981 , Morris et al. 1982 , Gnmes et al. 1984 , Farmer et al. 1985 . This is the first report of Vibrio damsela infection of dolphins. These results support our original premise that some vibno bacteria are pathogenic for dolphins. Buck & Spotte (1986) recently reviewed the potential of vibrio bacteria infection for marine mammals. V. damsela has previously been recovered from 2 humans and an animal in Hawaii (Kreger 1984) indicahng their presence in the marine waters of Hawaii. The pathogenicity of V. damsela has been reported to be due to its production of toxlns (Kreger 1984 , Kothary & Kreger 1985 . Kreger (1984) also reported that hemolytic strains of V. damsela are associated with pathogenic strains of V. damsela. The V. damsela isolated from the dolphns were hemolytic for sheep red blood cells.
The vibrios recovered and identified in thls study were also characterized with regard to their antibiotic susceptibility patterns (antibiograms). Vibrios recovered from the water, as well as those from healthy slun sites and wounds of dolphin before treatment with Tribnssen (trimethoprim/sulfadiazine), were sensitive to trimethoprim and sulfadiazine. This information was essential in selecting the antimicrobial agent used to treat the dolphins. During treatment of the dolphins with Tribrissen, vibrios recovered from the wounds of the dolphins were no longer sensitive to trimethoprim and sulfadiazine. These wound-associated vibrios were determined to be resistant or had an intermediate reaction to trimethoprim and sulfadiazine. The determination that vibrio bacteria recovered from the wounds of dolphins were developing resistance to the antimicrobial used to treat the dolphins is additional evidence that these vibrios were multiplying in (infecting) the wound site. In contrast, vibrios recovered from healthy skin of dolphins or from the coastal pen waters were predominantly sensitive to tnmethoprim and sulfadiazine. The results of this study support the microbiological principle that continued presence of antimicrobials will select for populations of bacterica which are resistant to the action of the antimicrobial agent. The study emphasizes the need to continually monitor the antibiotic susceptibility patterns of vibrio bacteria recovered from the wounds of treated marine mammals and demonstrates the essential role that a microbiologicallaboratory can play in the treatment of marine mammals.
